Recent studies indicate that ethyl pyruvate (EP) exerts anti-inflammatory properties; however, the effect of EP on ocular inflammation is not known. The efficacy of EP in endotoxin-induced uveitis (EIU) in rats was investigated. METHODS. EIU in Lewis rats was developed by the subcutaneous injection of lipopolysaccharide (LPS; 150 g). EP (30 mg/kg body weight) or its carrier was injected intraperitoneally 1 hour before or 2 hours after lipopolysaccharide injection. Animals were killed after 3 and 24 hours followed by enucleation of eyes and collection of the aqueous humor (AqH). The number of infiltrating cells and levels of proteins in the AqH were determined. The rat cytokine/chemokine multiplex method was used to determine level of cytokines and chemokines in the AqH. TNF-␣ and phospho-nuclear factor kappa B (NF-B) expression in ocular tissues were determined immunohistochemically. Human primary nonpigmented ciliary epithelial cells (HNPECs) were used to determine the in vitro efficacy of EP on lipopolysaccharide-induced inflammatory response. RESULTS. Compared to controls, AqH from the EIU rat eyes had a significantly higher number of infiltrating cells, total protein, and inflammatory cytokines/chemokines, and the treatment of EP prevented EIU-induced increases. In addition, EP also prevented the expression of TNF-␣ and activation of NF-B in the ciliary bodies and retina of the eye. Moreover, in HNPECs, EP inhibited lipopolysaccharide-induced activation of NF-B and expression of Cox-2, inducible nitric oxide synthase, and TNF-␣. CONCLUSIONS. Our results indicate that EP prevents ocular inflammation in EIU, suggesting that the supplementation of EP could be a novel approach for the treatment of ocular inflammation, specifically uveitis. (Invest Ophthalmol Vis Sci. 2011; 52:5144 -5152)
thyl pyruvate (EP) is a membrane-permeant aliphatic ester derived from the endogenous metabolite pyruvic acid (Fig. 1) . Exogenous EP has the potential to augment intracellular pyruvate levels, which enable the cells to protect themselves from reactive oxygen species (ROS)-mediated damage. [1] [2] [3] However, several studies have shown that EP as an intact ester also has direct pharmacologic effects, which have been recently reviewed by Kao and Fink. 4 The pharmacologic effects of EP are quite diverse, and include downregulation of the secretion of proinflammatory cytokines, enhanced antitumor immunity, amelioration of redox-mediated damage to cells and tissues, inhibition or promotion of apoptosis based on the circumstances, and support of cellular adenosine triphosphate synthesis. Recently, a number of studies have shown that EP is a robust and potent anti-inflammatory agent in pathologic conditions, such as hemorrhagic shock, sepsis, systemic inflammation, colitis, pancreatitis, and pulmonary fibrosis. [5] [6] [7] [8] [9] [10] [11] [12] [13] These reports indicate that the anti-inflammatory effects of EP are caused by downregulation of the proinflammatory transcription factor nuclear factor kappa B (NF-B) and the expression of NF-B-dependent proinflammatory marker proteins, such as TNF-␣, IL-6, cyclooxygenase-2 (COX-2), and inducible nitric oxide synthase (iNOS). 5, 6 In addition, a few studies indicate its potential in preventing sugar and oxidative stress-induced cataract formation and toxicity to some of the ocular tissues. 14 -16 Although the role of EP in various inflammatory conditions has been examined, its potential anti-inflammatory role in the prevention of ocular inflammation has never been explored.
Inflammation has been implicated in pathogenic mechanisms in various vision-threatening ocular diseases, such as uveitis, 17 diabetic retinopathy, 18 and AMD. 19 Among all ocular inflammatory diseases, uveitis is considered as a potent, blindness causing intraocular condition. 20, 21 So far, the etiology of the uveitis is yet to be understood. Nevertheless, autoimmune disorders, infections, exposure to toxins, and many other unknown factors are believed to cause uveitis. 17 A potential common pharmacologic strategy against uveitis is likely to contain suppression and regulation of intraocular inflammation. Various chemical mediators play key roles in ocular inflammation, particularly uveitis. The key inflammatory molecules include cytokines IL-6 22 and TNF-␣, 23 the arachidonic acid cascade enzyme COX-2 24 and its major metabolite prostaglandin E2, 25 monocyte chemotactic protein (MCP)-1, 26 angiotensin II type 1 receptor, 27,28 intracellular signaling pathways Janus kinase and signal transducer and activator of transcription (JAK/STAT) 22, 27 and IB/NF-B, 29 and intercellular adhesion molecule (ICAM)-1. 30 A number of antioxidants that can prevent the NF-B-dependent expression of inflammatory cytokines have been shown to have potent antiocular inflammatory actions. 31 Antioxidants like benfotiamine, guggulsterone, curcumin, lutein, and reservatrol have been shown to prevent endotoxin-induced uveitis (EIU) in experimental animals. 31 EP has now well established as an antioxidant with potent antiinflammatory agent in various nonocular conditions. However, the efficacy of EP in ocular inflammatory pathologic conditions such as uveitis is not known. We investigated the efficacy of EP in preventing ocular inflammation in rats. Our results indicate that supplementation of EP prevents lipopolysaccharide (LPS)-induced ocular inflammation leading to uveitis in rats.
MATERIALS AND METHODS

Materials
EP and LPS (Escherichia coli 0111:B4 strain) were purchased from Sigma-Aldrich (Saint Louis, MO). Human primary nonpigmented ciliary epithelial cells (HNPECs) and culture media were obtained from ScienCell Research Laboratories (Carlsbad, CA). TNF-␣ ELISA kit was purchased from BD Biosciences (San Diego, CA). The MILLIPLEX MAG rat cytokine/chemokine magnetic bead panel along with Luminex xMAP detection method was purchased from Millipore Corporation (Billerica, MA). Rabbit polyclonal iNOS, goat polyclonal Cox-2, rabbit polyclonal phospho-p65 (Ser 536), mouse monoclonal p65 (F-6), goat polyclonal TNF-␣, and mouse monoclonal glyceraldehyde 3-phosphate dehydrogenase (GAPDH; A-3) were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). All other reagents obtained from Sigma-Aldrich were of highest purity grade.
Animals
The handling, treatment, and procedures on animals were carried out according to the ARVO Statement for the use of Animals in Ophthalmic and Vision Research. Adult male Lewis rats (8 -10 weeks old, 150 to 200 g) were purchased and kept in 12-hour light/12-hour dark cycles for 3 days to acclimatize in the animal house at the University of Texas Medical Branch, Galveston. Rats were randomly divided into five groups (n ϭ 6). LPS was injected subcutaneously (150 g/kg body weight) to induce uveitis as described previously. 32 The intraperitoneal injection of EP (30 mg/kg body weight) was given 1 hour before and 2 hours after LPS injection. For the dose-dependent study, three different doses of EP (15, 30 , and 60 mg/kg body weight) were administered 1 hour before LPS induction. Rats in the control group were injected with the vehicle (Ringer's lactate solution) only. The animals were killed at 3 and 24 hours after LPS injection. The aqueous humor (AqH) was collected from some of the eyes immediately by an anterior chamber puncture with a 30-gauge needle under a surgical microscope. After determination of the number of infiltrating cells and protein concentration in AqH, the samples were kept at Ϫ80°C until further use. The rest of the eyes were transferred immediately into 4% paraformaldehyde for immunohistochemical analyses.
Determination of Infiltrating Cells and Total Proteins in AqH
The AqHs were diluted in an equal amount of Trypan blue solution followed by infiltrating cell counting under the light microscope using hemocytometer. The total protein concentration in the AqH samples was measured with a colorimetric protein assay kit (Bio-Rad, Hercules, CA).
Determination of Cytokines/Chemokines in AqH
The levels of cytokines/chemokines in the AqH were determined by the MILLIPLEX MAG rat cytokine/chemokine magnetic bead panel along with Luminex xMAP detection method as per manufacturer's protocol. The results were expressed in picograms per milliliter.
Paraffin Embedding of Eyes
The enucleated eyes from the rats were fixed in 4% paraformaldehyde for 24 hours. After fixing, the eyes were washed in ice cold PBS (3ϫ) and immediately transferred in 70%, 90%, and 100% reagent histologic grade alcohol for 24 hours each, followed by embedding in paraffin. Sagittal sections of 5 m were cut and used for histologic analysis.
Immunofluorescence Studies
The eye sections were warmed at 60°C for 1 hour in the oven, deparaffinized in xylene, rehydrated by passing through 100%, 95%, 80%, and 70% reagent alcohol, and washed with deionized water. Heat-induced epitope recovery was used as sections were submerged in 250 mL of 1ϫ Antigen Retrieval Citrate Buffer (10 mM citric acid, 0.05% Tween 20, pH 6.0) and steam-heated in a standard steamer (food model, Black & Decker) for 15 minutes After the antigen retrieval, the sections were rinsed in PBS twice and incubated with blocking buffer (2% BSA, 0.1% Triton X-100, 2% normal rabbit immunoglobulin G or 2% normal goat serum) overnight at 4°C. The sections were incubated with primary antibodies against TNF-␣ or phospho-p65 antibodies (dilution 1:200) for overnight and washed with PBS (3 ϫ 5 minutes each). The sections were incubated in respective Alexa Fluor-488 or Alexa Fluor-594 secondary antibodies (dilution 1:200) for 1 hour at room temperature followed by washing with PBS (3 ϫ 5 minutes each). The sections were mounted with Vectashield mounting media containing 4Ј,6-diamidino-2-phenylindole and covered with a coverslip. The sections were examined by fluorescent microscopy (EPI-800 microscope; Nikon, Tokyo, Japan) and photographed with a digital camera (Olympus) fitted to the microscope.
In Vitro Cell Culture Study
Primary HNPECs were cultured per the supplier's protocol using the epithelial cell media containing basal medium, antibiotics, epithelial cell growth supplement, and fetal bovine serum. The cells were grown in a humidified incubator at 37°C and 5% CO 2 . All incubations were performed in the serum-free media. The cells were pretreated with 40 M of EP for 30 minutes and subsequently stimulated with 1 g/mL LPS for various time intervals as stated in the figure legends.
Western Blot Analysis
After the treatment, HNPECs were washed twice with ice cold PBS and lysed in radioimmunoprecipitation assay buffer containing 1 mM phenylmethylsulfonyl fluoride (PMSF) and 1:100 dilution of protease inhibitor cocktail (Sigma-Aldrich). The protein levels were measured from the supernatant and aliquots were diluted with 2ϫ SDS sample buffer and boiled for 5 minutes The lysates were separated on 10% SDS-polyacrylamide gels and transferred to polyvinylidene difluoride membranes (Immobilon; Millipore, Bedford, MA). The membranes were then incubated in blocking solution containing 5% weight per volume dried fat-free milk and 0.1% vol/vol Tween-20 in Tris-buffered saline. Subsequently, the membranes were incubated with anti-iNOS, -Cox-2, -phospho-p65, -p65 and -GAPDH antibodies. The membranes were then probed with horseradish peroxidase-conjugated secondary antibody (GE Health Care, Piscataway, NJ) and visualized by chemiluminescence (Pierce Biotechnology, Rockford, IL). To determine translocation of NF-B from the cytoplasm to the nucleus, HNPECs were treated for different time intervals followed by extraction of cytoplasmic and nuclear proteins per the manufacturer's protocol using a nuclear extraction kit (Cayman Chemicals, Ann Arbor, MI).
Reactive Oxygen Species Measurement
The HNPECs were plated (50,000 cells per well) in a 24-well plate. Serum starved HNPECs were incubated with various concentrations (10, 20 , and 40 M) of EP for 1 hour 5 g per milliliter followed by stimulation with LPS for an additional hour. Cells incubated without LPS and EP served as control. After incubation, cells were washed with PBS three times and 10 M H 2 DCFDA dye was added and incubated for 30 minutes at 37°C. Fluorescence was measured at 485 nm excitation and 535 nm emission using a microplate reader (BioTek, Winooski, VT).
Measurement of TNF-␣
The level of TNF-␣ in the culture media (stored at Ϫ80°C) was assessed with a commercially available ELISA kit according to the manufacturer's instructions.
Cell Viability Assay
HNPECs were plated (10,000 cells/well) in a 96-well plate. After 24 hours, cells were serum starved in 0.1% FBS medium and 5 g/mL LPS was added to the media for 24 hours after pretreating the cells with 40 M EP for 1 hour. Cells incubated without LPS and EP served as control. Cell viability was determined by CellTiter 96 AQ ueous one solution cell proliferation assay kit. CellTiter reagent was added to the culture well, incubated for 3 hours, and absorbance was recorded at 490 nm using a 96-well micro plate reader (BioTek).
Statistical Analysis
Data are expressed as the mean Ϯ SD. One-way ANOVA was used to compare inflammatory markers. P Ͻ 0.05 was considered statistically significant.
RESULTS
EP Suppresses LPS-Induced Inflammatory Cell Infiltration and Protein Concentration in Rat AqH
Because increased infiltration of inflammatory cells in AqH is hallmark of uveitis, at first we have examined the efficacy of EP, injected before LPS induction, in preventing the infiltration of cells in AqH. At 24 hours after LPS injection, the number of infiltrating cells in AqH was quantified by manually counting the cells with a hemocytometer under a stereoscope microscope. The manual cell counting revealed a significant (ϳ160-fold) LPS-induced increase in the AqH infiltration of the inflammatory cells, which were significantly (Ͼ70%) reduced by EP (Fig. 2B ). There were no significant infiltrated cells in the control or EP-treated groups (Fig. 2B) . Moreover, the total protein concentration in the AqH of LPS group rat eyes was also increased significantly (ϳ25-fold) compared to control group. However, EP significantly suppressed (ϳ60%) elevation in protein concentration in the AqH (Fig. 2C) . Similarly, a significant reduction of infiltrating cells (Ͼ60%) and protein levels (ϳ45%) were also observed in the AqH of EIU plus EP postinjection (2 hours after LPS) rat eyes (Figs. 2D,  2E ). In addition, EP-rendered protection was also observed in a dose-dependent manner (Figs. 2F, 2G 
Effect of EP on LPS-Induced Inflammatory Cytokines and Chemokines in Rat AqH
Because increased protein levels in the AqH are related to the increased breach of inflammatory cytokines and chemokines, we next determined the levels of various inflammatory cytokines and chemokines in rat AqH. A magnetic bead Results are expressed as the mean Ϯ SD (n ϭ 6). *P Ͻ 0.001 vs. the control group; **P Ͻ 0.01 vs. the EIU group. Magnification: (A), ϫ200.
array-based rat specific inflammation kit was used to measure 23 inflammatory marker proteins from a single sample. The results obtained were analyzed by 3.1 xPONENT software and expressed in picograms per milliliter. As shown in Figure 3 , in EIU rat AqH a significant (P Ͻ 0.001 or P Ͻ 0.01) increase in the levels of inflammatory proteins such as growth-related oncogene/KC, IL-1␤, IL-6, IL-18, leptin, MCP-1, MIP-1␣, RANTES, and TNF-␣ were observed. However, pretreatment with EP suppressed the LPS-induced secretion of cytokines and chemokines significantly (P Ͻ 0.001 or P Ͻ 0.01) in the AqH of rat eyes (Fig. 3) . In addition, no significant changes in the levels of granulocyte colony-stimulating factor, granulocyte-macrophage colony stimulating factor, IFN-␥, IL-1␣, IL-2, IL-4, IL-5, IL-10, IL12p70, IL-13, IL-17, interferon gamma-induced protein 10 kDa, and VEGF were observed in the LPS and EP-treated rat eye AqH (data not shown).
Effect of EP on LPS-Induced Expression of TNF-␣ in the Rat Ocular Tissues
Because EP significantly suppressed the elevation in the levels of various inflammatory markers, we next determined the effect of EP on the expression of major proinflammatory cytokine TNF-␣ in the ocular tissues of EIU rat eyes. As shown in Figure 4 , EIU caused an increased expression of TNF-␣ in the ciliary body and the retina which was significantly suppressed by EP.
Effect of EP on Endotoxin-Induced NF-B Activation in the EIU Rat Ocular Tissues
The transcription factor NF-B is well known to transcribe the genes responsible for various inflammatory markers. Therefore, we next investigated the effect of EP on endotoxin- 3. EP Inhibits LPS-induced increase in cytokines and chemokines in EIU eye AqH. Inflammatory cytokine and chemokine levels in the AqH collected 24 hours after LPS injection were measured by using the MILLIPLEX MAG rat cytokine/ chemokine magnetic bead panel as described in the methods. Results are expressed as the mean Ϯ SE (n ϭ 3; AqH was pooled from 2 rats for each data point); *P Ͻ 0.001 or **P Ͻ 0.01 vs. the control group; *P Ͻ 0.001 or **P Ͻ 0.01 vs. EIU group. The results were analyzed and expressed in picograms per milliliter.
induced activation of NF-B in the rat eye tissues. The paraffin sections were probed with antibodies against phospho-p65 (the active subunit of NF-B). After 3 hours of LPS-induction, phospho-NF-B-positive cells were observed in the iris-ciliary body complex in the anterior region and the retina in the posterior region of the eye (Fig. 5) . However, pretreatment of EP significantly suppressed the LPS-induced increase in the number of phospho-NF-B-positive cells in the anterior and posterior regions of EIU rat eyes (Fig. 5) .
Effect of EP on LPS-Induced Inflammatory Response in HNPECs
Ocular ciliary epithelial cells are a major source of inflammatory markers secreted into the AqH during uveitis. We used HNPECs as an in vitro model to study the efficacy of EP as an anti-inflammatory agent. When HNPECs were stimulated with LPS, there was ϳ3.0-and ϳ4.6-fold increase in the expression of inflammatory Cox-2 and iNOS proteins, respectively (Fig.  6A) . The increased inflammatory response of HNPECs was also confirmed by determining the levels of TNF-␣ in the culture media. There was a significant (P Ͻ 0.01) increase in the level of TNF-␣ in culture media on LPS treatment compared to the control group (Fig. 6B) . However, EP significantly suppressed the expression of Cox-2 and iNOS in HNPECs and the secretion of TNF-␣ level in culture media (Figs. 6A, 6B) . Because the transcription factor NF-B is known to transcribe inflammatory markers such as TNF-␣, Cox-2, and iNOS, we next examined the effect of EP on LPS-induced NF-B activation in HNPECs. Results shown in Figure 6C indicate that LPS caused a timedependent activation of NF-B and preincubation of EP prevented the LPS-induced increase in the NF-B activation. These results suggest that EP prevents the expression of inflammatory markers by suppressing the activation of NF-B in HNPECs. We next examined the effect of EP on LPS-induced translocation of NF-B from the cytoplasm to the nucleus (Fig. 7A) . Our results shown in Figure 7A indicate that EP significantly prevented LPS-induced nuclear translocation of NF-B. Because NF-B has been shown to be a redox sensitive transcription factor, we next examined the efficacy of EP in the prevention of LPSinduced ROS formation in HNPECs. Our results shown in Figure 7B indicate that EP prevents LPS-induced ROS levels. In addition, we have also examined the efficacy of EP in preventing LPS-induced HNPEC cell death. The results shown in Figure  7C show that EP significantly prevented LPS-induced cell death in HNPECs.
DISCUSSION
As a product of glycolysis and the starting substrate of the Kreb's cycle, pyruvate plays a key role in intermediary metabolism. It is also an important endogenous scavenger of ROS such as H 2 O 2 , OH . , and peroxynitrite. Therefore, pyruvate has been studied extensively as a protective agent for cellular systems exposed to oxidative stress conditions in a variety of in vitro and in vivo models of diverse pathologic conditions. 4 However, the use of pyruvate as a potential therapeutic agent is limited because of its poor stability in aqueous solutions. Therefore, a closely related and more aqueous stable form of pyruvate is warranted. Recently, an ester form of pyruvate (EP) believed to be more stable than an anionic form has been developed. Several studies revealed that EP is more effective in ameliorating oxidative stress-induced injuries or tissue alterations than pyruvate itself.
14,15,33 Moreover, four crucial findings by Ulloa et al. 7 have established EP as an excellent anti- inflammatory agent. These are: (1) EP inhibits the LPS-induced secretion of the proinflammatory TNF-␣ in a concentrationdependent fashion. (2) Treatment with EP improves survival in mice challenged with a lethal dose of LPS or rendered septic by cecal ligation and perforation (CLP). Importantly, the therapeutic benefit of EP is evident in the CLP model of polymicrobial sepsis even though it injected 24 hours after the onset of infection. (3) EP inhibits secretion of the proinflammatory DNA-binding protein, high mobility group box 1 (HMGB1) in vitro and in vivo conditions. (4) EP attenuates the activation of two key proinflammatory signaling pathways, NF-B and p38 mitogen-activated protein kinase (MAPK). These earlier findings by Ulloa et al. 7 have been confirmed and extended by numerous follow-up studies. 8 -13,34 However, the therapeutic efficacy of EP in ocular diseases has not been explored extensively. Recently, few studies reported that EP could prevent corneal wound healing, 35 oxidative damage to lens and sugar and galactose cataracts in rodents. 14 -16,36 Moreover, in rats, the instillation of 5% EP (50 g/L or 430 mM) is well tolerated over a 40-day experimental period, and penetration of EP through the cornea is rapid, with pyruvate concentration in the AqH reaching 7 mM after 15 minutes. 16 Similarly, topical administration of EP in mouse eyes caused an increase in the levels of pyruvate in the AqH and in the lens, the peak concentrations being 4.7 and 3.6 mM, respectively. 37 These studies suggest that EP could also be an efficient therapeutic agent for the intervention of other inflammatory ocular conditions.
The present study using an EIU model revealed that endotoxin-induced infiltration of the inflammatory cells, an increase in the protein concentration, and the levels of various inflammatory cytokines/chemokines in the rat eye AqH were significantly inhibited by EP. The underlying mechanism for an anti-inflammatory role of EP has been shown to be primarily through the inhibition of redox sensitive transcription factor NF-B. In an in vitro model using RAW 264.7 cells, Han et al. 38 showed that EP could inhibit the NF-B pathway through direct modification of p65. Moreover, their results suggest that EP inhibits DNA binding by covalently modifying p65 at Cys. 38 The modification of the sulfhydryl-containing compound by EP has been shown by others as well. 39 Similarly, in an in vivo murine model of hemorrhagic shock, Yang et al. 5 showed that resuscitation with a solution containing EP downregulated activation of the proinflammatory transcription factor NF-B and the expression of several proinflammatory proteins, such as TNF-␣, IL-6, Cox-2, and iNOS in the liver and intestinal mucosa. Consistent with these previous in vitro and in vivo studies, our study also shows that EP inhibits the activation of NF-B in vivo in the EIU model and in vitro cell culture model.
Moreover, EP was also observed to inhibit expression of iNOS and Cox-2 in HNPECs. These results suggest that EP prevents the NF-B-dependent expression of iNOS and Cox-2 and therefore production of nitric oxide (NO) and prostaglandin (PGE 2 ). Our results are in agreement with previous studies, which showed the suppression of iNOS and Cox-2 expression and subsequent NO and PGE 2 production by EP in vitro and in vivo. 38, 40 Elevated levels of NO have been detected in the AqH in uveitis patients with Behçet's disease. 41 Moreover, the iNOS inhibitor N G -nitro-L-arginine (L-NAME) prevents the development of uveitis by inhibiting iNOS activity. 42 Further, NO could activate Cox enzymes followed by a marked increase in the PGE 2 production. 43 Because ciliary epithelial cells are known to maintain AqH homeostasis and are considered a major source of inflammatory marker release in AqH, 44 we have also investigated the mechanism of EP in LPS-induced inflammatory response in HNPECs in vitro. Our results suggest that EP significantly suppressed the NF-B dependent expression of iNOS and Cox-2 in HNPECs. EP also suppressed the LPS-induced elevated levels of TNF-␣ in the culture media. 45 Our previous studies and other investigators have shown increased levels of TNF-␣ in the AqH and an elevated expression in ocular tissues in EIU model [45] [46] [47] [48] and in eyes of patients with Behçet's disease. 49 The crucial role of TNF-␣ in the ocular pathologies has been further substantiated by diminished inflammation in TNF receptor-deficient mice in immune complex-induced uveitis. 48 In the present study, EP decreased TNF-␣ levels induced by LPS in vitro and in vivo.
Retina
The expression of inflammatory markers, such as iNOS, Cox-2, and TNF-␣, warrants activation of NF-B 50 which have been demonstrated in various ocular tissues of uveitis models. 46 ,47 LPS and TNF-␣ have been shown to activate NF-B in mouse lens and human lens epithelial cells and HNPECs, respectively. 51, 52 Since we have observed that EP suppressed iNOS, Cox-2, and TNF-␣ in this study, we have investigated upstream signaling events in EIU rats, such as phosphorylation of NF-B. Our results show that EP suppresses NF-B phosphorylation and thereby activation in HNPECs on LPS-stimulation in a ROS-dependent manner. Our results are in agreement with others who have shown that the treatment with EP prevents activation of NF-B. 5, 38 In summary, our results indicate that EP supplementation prevents the ocular inflammatory response evoked by LPS in cultured cells and in the rat model of EIU. The levels of TNF-␣ in the culture media was determined with ELISA kit. Data are expressed as the mean Ϯ SD (n ϭ 6). *P Ͻ 0.001 vs. the control group; **P Ͻ 0.01 vs. the LPS group. (C) Growth-arrested HNPECs pretreated with or without EP (40 M) were incubated with 1 g/mL of LPS for 0 to 90 minutes. The expression levels of phospho-and total-p65 were determined by Western blot analysis using specific antibodies. The ROS measurement was performed using H 2 DCFDA dye. (C) Growth-arrested HNPECs pretreated with or without EP (40 M) were incubated with 5 g/mL of LPS for 24 hours. The cell viability was determined by MTT assay. Data are expressed as the mean Ϯ SD (n ϭ 4). *P Ͻ 0.001 vs. the control group; **P Ͻ 0.01 vs. the LPS group. EP, Ethyl pyruvate.
